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ABSTRACT 

Background: Several studies have reported that mothers with pregnancy induced hypertension or those 
suffering from hypertensive disorders have abnormalities in histological features of the placenta. The fetus 
connection with the mother is through chorionic villi. Besides several other histological features changes in 
the chorionic villi have also been reported. This lead to the reduced supply of the necessary nutritional 
elements for the fetus. 

The aim of the Study: The principal objective of this study was to evaluate morphometric changes in the 
placenta of expecting mothers have hypertensive disorders of pregnancy and women without any symptoms 
of hypertension. As the placenta is capillary-rich region and any physiological change can adversely affect 
the fetal health. 

Patients and Methods: In this study, a total of 84 expecting mothers were recruited. Among these 42 have 
hypertensive symptoms before pregnancy whereas the other 42 have their blood pressure in normal ranges. 
Among the 42 hypertensive women, only 13 met the study inclusion criteria,i.e., blood pressure in the range 
of 140/90 mmHg in the 30" week of the pregnancy. The quantitative morphometric parameters included 
shape and size of the placenta, damage to the blood vessels mainly in the chorionic villi and an overall 
number of blood vessels. 

Results: A comparative evaluation of placenta from the hypertensive and normotensive expecting mothers 
showed that blood vessels area in the hypertensive mothers was significantly reduced when compared to 
normotensive mothers, same holds from the blood vessels in the perimeter areas. These findings have 
important implications as far as the fetal development among hypertensive mothers is concerned. 
Conclusions: Higher blood pressure associated changes in the placenta are manifested in the form of 
several histological and morphological changes mainly in the chorionic villi structures involved in fulfilling 
nutritional requirements of the fetus. 
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INTRODUCTION regions in the placenta known as primary villi 

Foetal development is a well-orchestrated 45 The formation of the primary villi is followed 
and highly complex developmental process by the emergence of the mesenchymal core that is 
involving the formation of several membranes embedded into the progressively expanding 
linking fetus to the mother’. The most common villus’. Presumably, this has been noted to be 
fetal membranes are the amnion and chorion during the fourth or fifth week of embryonic 
ultimately forming the amniotic sac that encircles development even though some studies have 
the fetus and has a major protective function’. pointed out that it is a few days after the formation 
Mainly the small projections or villi of the of the primary villi. The secondary villi, develop 
chorionic membrane play a significant role in into tertiary villus when the blood vessels 
providing fetal to mother contacts an appropriate penetrate the mesenchymal core and the branches 
supply of maternal blood supply to the fetus®. Few that have been newly formed’. 
studies have described the timing of the This happens during the third and the 
development of the chorionic villi, but it is fourth week of pregnancy. 
believed that the development of the vill ibegins at The chorionic villi are differentiated into 
the end of the second week to the third week of four critical layers each with a distinct function in 
embryonic development. Late in the second week the maintenance of the embryo. These include the 
of the development of the embryo, projections of outer syncytiotrophoblast (multinucleated), the 
the proliferating cytotrophoblast cells appear to be inner layer cytotrophoblast stems cells, stroma 
evaginating into the syncytiotrophoblast in several and blood vessels*'®. As the fetal development 
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proceeds, the cytotrophoblast cell layer of the villi 
gradually begins to disappear ''.This usually 
happens when the fetus is above six months of 
age. 


The chorionic villi are involved in several 
vital functions playing a significant role in the 
health and development of the fetus. Among 
several others facilitating the transfer of nutrients 
required by the fetus from them by crossing the 
placental barrier is of utmost importance”. 
Nutrients and oxygen in the maternal blood 
diffuse across the walls of the villi to the embryo 
while various waste products from the fetus 
diffuse across the chorionic villi into the maternal 
blood for excretion. 

Conventionally, maternal health status or 
changes in the physiological functions of the 
mother has very debilitating effects on the growth 
and development of the baby”. Principally, 
mothers facing health complications have 
problems with the proper movement of nutrients 
and maternal protective immune molecules from 
the fetus to the mother or otherwise*. Chorionic 
villiare the primary conduit through which the 
exchanges take place. Furthermore, the fetal waste 
material transfer also occurs from villi. 
Specifically, hypertension in expecting mothers 
expose the chorionic villi to significant 
morphological changes thus exposing the fetus to 
several clinical challenges. It has been reported 
that pregnancy complications such as 
hypertension or even gestational diabetes are often 
reflected in the form of changes in placenta". 
Reduced fetal weight is considerably is the 
ultimate outcome among the mothers who are 
hypertensive as compared to the non-hypertensive 
groups”. 

Since these pregnancy complications affect 
the morphology of the chorion villi, there have 
been many efforts done by researchers to study 
structural changes in chorionic villi!®'’. The villi 
take a different form, shape and even 
measurement when exposed to these pregnancy 
risks. Destruction of the placenta is reflected in 
the form of deformities in the area of chorionic 
villi. Other structures such as the Hofbauer cells, 
eosinophilic histiocytes found within the placenta 
reduce in number at the destruction of the placenta 
18. The Hofbauer cells have granules within the 
mesoderm of the chorionic villi, and this means 
that any destruction of the placenta translates into 
a destruction of these cells *.This observation 
prompted us to study choronic villi morphology at 
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expecting mothers. 


among hypertensive 


PATIENTS AND METHODOLOGY 

This study was approved by Ethical Research 
Committee of the University of Umm Al-Qura in 
Makkah. In the present study, expecting mothers 
with a history of hypertension were recruited from 
Maternity and Children’s Hospital in Makkah 
during the period of early February 2017 to late 
April 2017. The inclusion criteria for this study 
was an expecting mother having a blood pressure 
higher than 140/90 mmHg in the30" week of the 
pregnancy. The selection of this time frame is 
based on the data that pregnant women in the 30" 
week of their pregnancy are at the risk of 
developing pre -eclampsia where the chorionic 
villi in the placenta would be damaged”. Among 
42 expecting mothers screened 13 met our 
inclusion criteria, i.e., having blood pressure 
ranges as described above. 

Eighty-four placenta samples were 
obtained, 42 of which were hypertensive and 42 
non-hypertensives, each sample was taken 
immediately after delivery. The specimen was 
prepared and subjected to sectioning (1 micron 
each). The specimens were stained with 
Haematoxylin and Eosin, their images were 
scanned and digitalized using computerized image 
analysis system comprising a high-resolution 
digital camera attached to a microscope and to an 
IBM-compatible computer. The samples were 
examined under a microscope with magnification 
X100 and photographed. 

Both the control and hypertensive expecting 
mothers were subjected to various analyses 
including blood vessel number, the area of the 
blood vessels, and the villus areas. The selection 
of these parameters was based on the fact that any 
damage to the placenta, or the chorionic villi, is 
reflected in the form of damaged blood vessels in 
the chorionic villi. The study also has taken into 
consideration the morphometric evaluations,i.e., 
shape and the size of organs, any kind of damage 
to the blood vessels within the chorionic villi 
which could affect the surface area of the blood 
vessels. The size of the vessels undergoes a 
systematic reduction in terms of their sizes. This 
is equally notable in the villus area, a parameter 
that has been used to study the changes in the field 
of the chorionic villi. It is logical to note that if 
there is any form of damage on the surface area of 
the chorionic villi, there would be considered 
fundamental changes in the cross-sectional area of 
the villus. 
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The information collected from the 
hypertensive mothers were then compared to that 
of the non-hypertensive mothers based on the 
above-described parameters. The study sought to 
outline if there are fundamental structural changes 
of the chorionic villi of the non-hypertensive 
mothers compared to the hypertensive pregnant 
women. The data was further subjected to 
Statistical analyses by using the Statistical 
Package for Social Scientists version 24(SPSS). 
Data were summarized as means and standard 
deviations. Normal Q-Q plots were constructed 
and Shapiro-Wilk test was used to assess the 
normality of data. A p- value greater than 0.05 
indicated that the distribution of the data is 
significantly different from the normal 
distribution. When normality assumption was 
fulfilled, unpaired t-test was used to compare the 
means across hypertensive and normal pregnant 
women. 

When such assumption was violated, the t- 
statistic was boot strapped and 95% BCA 
confidence intervals using 10000 samples. This is 
better than using non- parametric tests such as 
Mann-Whitney as it allows for the calculation of 
the 95% confidence interval for the difference 
between both groups. Six variables of interest 
were compared across normal and hypertensive 
pregnant women which are: 


*Blood vessel number 

*Blood vessels area 

¢Perimeters 

e Villous area. 

e Number of blood vessels / villous area 

e Blood vessels area/ villous area 

e Blood vessels perimeter/ villous area 

The remaining variables were summarized as 
means and standard deviations as they were not 
assessed in both groups. Data were compared in 
42 normal pregnant women and 42 hypertensive 
pregnant women. 


RESULTS 

Descriptive statistics: 

Descriptive statistics in normal pregnant 
women: 

Table 1 summarizes the mean values of 
different parameters measured among the 
examined 42 pregnant women. The measured 
parameters were the placental barrier diameter of 
placental barrier in u, the number of Hofbauer 
cells, the endothelial area, the endothelial number, 
the endothelial area/blood vessel area ratio, the 
mean endothelial area/blood vessels ratio, the 
endothelial area/villous area ratio, the 
barrier/perimeter ratio, the mean barrier/blood 
vessel area, and the Hofbauer cells/villous area 
ratio. 



































Valid N Mean 
Barrier (u) 42 128.944 
Hofbauer cells 38 2.79 
Endothelial Area 16 3109.355 
Endothelial Number 16 4.75 
Endothelial area/Blood vessel area 16 12.174 
indothelial area/Blood vessels perimeter 16 462.95 
Endothelial area/Villous area 16 .395 
Barrier/Perimeter 42 .119 
Barrier/Blood vessel Area 42 .00296 
Hofbauer cells/Villous Area 39 .00572 





Descriptive statistics in hypertensive pregnant women: 

As regards the hypertensive pregnant women, the parameters measured were the number of knots, the 
knots area, the mean knots/area ratio, and the mean knots area/villous area ratio, the Fibrin area, and the 
fibrin/villous. Table 2 illustrates the values of the measured parameters in details. 























Valid N Mean 
Knots number 31 1.90 
Knots area 31 9603.64 
Knots/area 31 .000294 
Knots area/Villous area 31 .0368 
Fibrin Area 5 25542.163 
Fibrin/Villous Area 6 .04698 
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Normality assumption 

The data collected from the recruited 
samples were non-parametric. Q-Q plots and 
Shapiro-Wilk test showed that the different 
studied variables, namely blood vessel area, blood 
vessel perimeter, number of blood vessels, villus 
area, number of blood vessels/villous area, blood 
vessel area/villous area, and blood vessels 
perimeter/villous area, were not normally 
distributed; with probability values ranging from 
<0.001 to 0.042. The collected data were not 
normally distributed; therefore, the t-test was 
performed through boot strapping to compare the 
different variables across normal and hypertensive 
pregnant women. 


Comparison results 
Results of comparison — detailed in table 3 - 
showed that the blood vessel area in normal 


pregnant women was significantly larger than that 
of hypertensive pregnant women (p=0.001). 
Similarly, the perimeter of blood vessels was 
significantly higher among normal women than 
hypertensive women 531.14+£259.40 (p=0.002). 
The villous area was also significantly larger 
among normal pregnant women (p<0.001). On the 
other side, the number of blood vessels/villous 
area ratio was significantly higher in hypertensive 
women (p<0.001). The same was noted for the 
number of blood vessels which significantly 
higher among hypertensive when compared to 
normotensive patients (p=0.011). 

The only two parameters which were not 
significantly different between normal and 
hypertensive pregnant women were the blood 
vessel area/villous area ratio (p=0.114) and blood 
vessel perimeter/villous area ratio (p=328). 


























P value 
Hypertensive Normal 
Blood vessel area 14.7 X10" 107.3 X10° 0.001 
Blood vessel perimeter 531.14 1959.23 0.002 
Villous area 35.8X10" 98.9X10* <0.001 
No. of blood vessels/Villous area** 19.5X10° 3.7X10° <0.001 
Blood vessel Area/Villous area .0882 .1287 0.114 
Blood vessel perimeter/Villous area 2.6X10° 2291.1 X10° 0.328 
Number of blood vessels** 6 3 0.011 
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Graphical illustration of the results 
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Figure 1. Comparison of various parameters across normal and hypertensive pregnant women 
Y- axes were log transformed in Figures A and D 
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Figure 2. Number of blood vessels across normal and hypertensive pregnant women 


DISCUSSION 

Hypertension during pregnancy does not 
only hamper the physiological functions of the 
body but also induces structural deformities in 
various organs of the body including placenta, 
Thus having deleterious effects on both the 
expecting mothers and the fetus”. Particularly, 
structural damage to membranous part of any 
organ is detrimental to the physiological 
functioning of the body. Preeclampsia, the most 
prevalent disorder among hypertensive mothers, is 
linked to structural damages to the placenta”. 
Several inflammatory and _non-inflammatory 
mediators are reported to play a major role as the 
preeclampsia in hypertensive mothers is 
concerned. 

This study focused mainly on the structural 
and physical changes in placenta and especially 
chorionic villi of hypertensive expecting mothers. 
The deformities observed in the chorionic villi of 
the studied mothers corroborated with several 
previous reports and recommend adopting 
effective measures to control such changes mainly 
among hypertensive expecting mothers **”*. It is 
important to keep in mind that any deformity in 
the chorionic villi is linked to a decreased supply 
of essential nutrients to the fetus, and the observed 
changes in hypertensive mothers may lead to 
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issues that had been explored earlier or to be 
defined by further controlled studies. 

The present study showed that chorionic villi 
of hypertensive expecting mothers were 
significantly smaller when compared to 
normotensive expecting mothers. Potentially this 
could be due to the reason that higher pressure 
builds up within the placental capillaries damages 
the tissues surrounding the organ. Our study also 
confirmed the previous findings that indicated that 
damaged chorion villi were smaller in size when 
compared to the normal one *”°*. Moreover, the 
peripheral cells of the villi become more and more 
asymmetric as the tissues within the cells collapse. 
Compared to the healthy chorion villi, the area 
will be smaller and irregular. 

The reduction of the area of the chorion villi 
cannot be comprehensively explained through the 
observation of the blood vessels area. As 
suggested by other studies, there is a need to 
perform highly controlled studies on the perimeter 
of the blood vessels on the villi and the blood 
vessel number * and our study touched this 
unique avenue. 

High blood pressure, as discussed by Al- 
Jameil’’, exerts its deleterious impacts on the 
placenta of expecting mothers. Naturally, this 
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abnormality was reflected in the chorionic villi 
which are directly projected from the placental 
membrane. Any deletions on the membranes of 
the placenta eventually delete the villi on the 
surface of the placenta leading to loss of the mass 
of area of the villi. Perhaps this can be used to 
explain the variance in terms of the cross section 
are or the perimeter of the chorion villi. The 
deleterious effects of the increased blood pressure 
have also been established to be responsible for 
the damage of the blood capillaries that surround 
the microvillus at the placenta. This explains the 
reduction in the area of the chorionic villi and the 
blood capillaries in the chorionic villi. A broad 
spectrum of lesions in the chorion villi have been 
observed amongst the hypertensive mothers. 
These villous lesions are attributable to the 
reduced maternal uteroplacental flow of blood in 
preeclampsia. As described by Lodhe andMane’, 
this is due to maternal vasospasm. Such findings 
have been further affirmed by other studies 
suggesting that placental pathology, 
conventionally worsens as the blood pressure of 
an individual rises 7”. 

At the end of the pregnancy period. There is 
sloughing off of the villi near the end of gestation. 
This sloughing explains why the number of blood 
vessels per villous area was significantly higher in 
hypertensive women that the number of blood 
vessels per villous areaamong the control group”. 
It also explains the reason behind the significantly 
higher number of blood vessels among 
hypertensive pregnant women than those with 
normal blood pressure during pregnancy. 


CONCLUSION 

Hypertension is a global problem in both 
males and females. Particularly when occur 
during pregnancy and expose expecting mothers 
to the risk of developing eclampsia ”. 

This quantitative morphometric study of the 
chorionic villi in hypertensive mothers showed 
that the high blood pressure during pregnancy 
reduced significantly the size of chorionic villi, 
blood vessels area, as well as blood vessels 
perimeter, predisposing hypertensive pregnant 
women to eclampsia and its associated ailments. 
Furthermore, hypertension increased the number 
of blood vessels and the number of blood vessels 
per villous ratio. It did not seem to affect either 
the blood vessel area per villous area ratio or the 
blood vessel perimeter per villous area ratio. 

The damaging effect of the hypertension to 
the placenta exposes the chorionic villi several 
physical changes that eventually affect the 


functionality of these blood vessels. As 
established in this study, these structural changes 
in the chorionic villi are as a result of the high 
blood pressure build-up within the placenta. This 
study thus affirms emphatically that while the 
chorionic villi of the control group of mothers 
remain intact in terms of size, shape and even 
size, the pressure build-up at the placenta for the 
mothers with hypertension reduces the size of the 
chorionic villi thus predisposing them to 
eclampsia and associated ailments. 


ACKNOWLEDGEMENT 

We would like to express our sincere 
gratitude to each of Dr. Hasan Sharif H. Bukhari, 
Dr.Ahmed Abdullah Jalal and Dr.Saeed Abu bakr 
Balubaid, Medical Interns from Umm AlI-Qura 
University, for their contribution and their hard 
work in collecting the data, following up with our 
timeline and their assistance in handling the files 
of the patients which our sample were taken from. 


REFERENCES 

1.Ba-Saikh AAA, Al-Raddadi RM, Al Dobashi AM et 
al. (2017): Hypertension Control and Associated 
Factors in Patients Attending Primary Health Care 
Centers in Jeddah, Saudi Arabia. Imperial Journal of 
Interdisciplinary Research (IJIR).,3(1):2374-2380. 

2.Shao Y, Taniguchi K, Townshend RF, Miki T, 
Gumucio DL, Fu J (2017): A pluripotent stem cell- 
based model for post-implantation human amniotic sac 
development. Nat Commun. ,8(1):208. 

3.Bosco CB, Diaz EG, Gutierrez RR et al. (2016): 
Placental Hypoxia Developed During Preeclampsia 
Induces Telocytes Apoptosis in Chorionic Villi 
Affecting The Maternal-Fetus Metabolic Exchange. 
Curr Stem Cell Res Ther .,11(5):420-425. 

4.Lodhe PS, Mane AB et al. (2011): Morphometric 
study of placenta and its correlation in normal and 
hypertensive pregnancies. International Journal of 
Pharma and Bio Sciences,2(4):429-437. 

5.Fogarty NM, Burton GJ, Ferguson-Smith AC et al. 
(2015): Different epigenetic states define 
syncytiotrophoblast and cytotrophoblast nuclei in the 
trophoblast of the human placenta. Placent.,36(8):796- 
802. 

6.Guttmacher AE, Maddox YT, Spong CY et al. 
(2014): The Human Placenta Project: placental 
structure, development, and function in real time. 
Placenta,35(5):303-304. 

7.Demir R, Kaufmann P, Castellucci M, Erbengi T, 
Kotowski A et al. (1989): Fetal vasculogenesis and 
angiogenesis in human placental villi. Acta Anat 
(Basel), 136(3):190-203. 

8.Moe N et al.(1971): Mitotic activity in the 
syncytiotrophoblast of the human chorionic villi. Am J 
Obstet Gynecol.,110(3):431. 


2321 


Quantitative Morphometric Study... 


9.Voland JR, Frisman DM, Baird SM et al. (1986): 
Presence of an endothelial antigen on the 
syncytiotrophoblast of human chorionic villi: detection 
by a monoclonal antibody. Am J Reprod Immunol 
Microbiol.,11(1):24-30. 

10.Baczyk D, Dunk C, Huppertz B et al. (2006): Bi- 
potential behaviour of cytotrophoblasts in first 
trimester chorionic villi. Placenta,27(4-5):367-374. 

11.Genbacev O, Vicovac L, Larocque N et al.(2015): 
The role of chorionic cytotrophoblasts in the smooth 
chorion fusion with parietal decidua. 
Placenta,36(7):716-722. 

12.Blundell C, Tess ER, Schanzer AS et al. (2016): A 
microphysiological model of the human placental 
barrier. Lab Chip., 16(16):3065-3073. 

13.Cusimano MC, Pudwell J, Roddy M, Cho CK, 
Smith GN et al. (2014): The maternal health clinic: an 
initiative for cardiovascular risk identification in 
women with pregnancy-related complications. Am J 
Obstet Gynecol.,210(5):438 e43 1-439. 

14.Majumdar S, Dasgupta H, Bhattacharya K, 
Bhattacharya A et al. (2005): A Study of Placenta In 
Normal and Hypertensive Pregnancies. J Anat Soc 
India,54(2):1-9. 

15.Gupta C, Harode HA, D'souza AS, Sharma A et al. 
(2015): A morphological and morphometric study of 
placenta with its clinical implications. Tropical Journal 
of Medical Research, 18(2):85-88. 

16.Burton GJ, Jauniaux E et al. 
cytotrophoblastic shell and complications of 
pregnancy. Placenta. Available from 
[http://www.placentajournal.org/article/S0143- 
4004(17)30303. 

17.Sober S, Rull K, Reiman M, Ilisson P, Mattila P, 
Laan M et al. (2016): RNA sequencing of chorionic 
villi from recurrent pregnancy loss patients reveals 
impaired function of basic nuclear and cellular 
machinery. Sci Rep.,6:38439. 

18.Rosenberg AZ, Yu W, Hill DA, Reyes CA, 
Schwartz DA et al. (2017): Placental Pathology of 
Zika Virus: Viral Infection of the Placenta Induces 
Villous Stromal Macrophage (Hofbauer Cell) 
Proliferation and Hyperplasia. Arch Pathol Lab 
Med.,141(1):43-48. 


(2017): The 


19.Li XL, Chen TT, Dong X, et al. (2014): Early onset 
preeclampsia in subsequent pregnancies correlates with 
early onset preeclampsia in first pregnancy. Eur J 
Obstet Gynecol Reprod Biol.,177:94-99. 

20.Salmani D, Purushothaman S, Somashekara SC et 
al. (2014): Study of structural changes in placenta in 
pregnancy-induced hypertension. J Nat Sci Biol 
Med.,5(2):352-355. 

21.Wang W, Parchim NF, Iriyama T et al. (2014): 
Excess LIGHT contributes to placental impairment, 
increased secretion of vasoactive factors, hypertension, 
and proteinuria in preeclampsia. 
Hypertension,63(3):595-606. 

22.Cibils LA et al. (1974): The placenta and newborn 
infant in hypertensive conditions. Am J Obstet 
Gynecol.,118(2):256-270. 

23.Redline RW et al. (2008): Placental pathology: a 
systematic approach with clinical correlations. 
Placenta.,29 (A):S86-91. 

24.Al-Jameil N, Tabassum H, Al-Mayouf H et al. 
(2014): Analysis of serum trace elements-copper, 
manganese and zinc in preeclamptic pregnant women 
by inductively coupled plasma optical emission 
spectrometry: a prospective case controlled study in 
Riyadh, Saudi Arabia. Int J Clin Exp 
Pathol.,7(5):1900-1910. 

25.Altemani AM, Norato D, Baumel C et al. (1992): 
Immunological studies in placentas with villitis of 
unknown etiology: complement components and 
immunoglobulins in chorionic villi. J Perinat 
Med.,20(2):129-134. 

26.El Bcheraoui C, Memish ZA, Tuffaha M et al. 
(2014): Hypertension and its associated risk factors in 
the kingdom of saudi arabia, a national survey. Int J 
Hypertens.,214:564679. 

27.Al-Jameil N, Tabassum H, Ali MN, Qadeer MA, 
Khan FA, Al-Rashed M et al. (2017): Correlation 
between serum trace elements and risk of 
preeclampsia: A case controlled study in Riyadh, Saudi 
Arabia. Saudi J Biol Sci.,24(6):1142-1148. 

28.Macdonald-Wallis C, Silverwood RJ, de Stavola 
BL et al. (2015): Antenatal blood pressure for 
prediction of pre-eclampsia, preterm birth, and small 
for gestational age babies: development and validation 
in two general population cohorts. BMJ.,351:h5948. 


2322 


